The nucleus-nucleus impact parameter and collision geometry of a heavy ion collision are typically characterized by assigning a collision "centrality". In all present heavy ion experiments centrality is measured indirectly, by detecting the number of particles or the energy of the particles produced in the interactions, typically at high rapidity. Centrality parameters are associated to the measured detector response using the Glauber model. This approach suffers from systematic uncertainties related to the assumptions about the particle production mechanism and limitations of the Glauber model. In the collider based experiments there is a unique possibility to measure centrality parameters by registering spectator fragments remaining from the collision. This approach does not require model assumptions and relies on the fact that spectators and participants are related via the total number of nucleons in the colliding species. This article describes the concept of a centrality detector for heavy ion experiment, which measures the total mass number of all fragments by measuring their deflection in the magnetic field of the collider elements.
Introduction
The field of relativistic heavy ion (HI) collisions is a rapidly developing branch of modern nuclear physics whose goal is to study the nature of the strong force. An extensive scientific program carried out by several experimental collaborations at the Super Proton Synchrotron (SPS) at CERN, the Relativistic Heavy Ion Collider (RHIC) at BNL, and recently at the Large Hadron Collider (LHC) at CERN has charted the creation of hot, dense, thermalized QCD medium. The study of this medium reveals properties consistent with a Quark Gluon Plasma [1, 2] . An accurate and quantitative description of these properties is key to understanding the underlying physics of strong force interactions.
The collisional geometry of HI interactions plays a very important role in defining the physics of the collision, and it is therefore crucial to characterize it with high precision. Ideally, the impact parameter (b imp ) of the collision, the distance between the centers of colliding ions, would be used to define the collision centrality. However b imp can not be directly measured. The number of nucleons participating in the collision, (N part ) i.e. the number of nucleons in both ions suffering at least one interaction with a nucleon of the counterpart ion, serves as a more experimentally accessible ordering parameter in defining centrality. N part is directly associated with the bulk particle production measured in HI collisions. In the ion fragmentation direction the number of charged particles and the energy they carry, is found to be proportional to N part [3] . The "wounded nucleon model" [4] assumes the proportionality to be linear and accurately describes the experimental data at the SPS [5, 6] . However, with increased energy, and considering mid-rapidity particle production the linearity is violated. The "number of participant quark" model appears to be a more complete description of the underlying processes [7] [8] [9] [10] .
Extracting N part from the response of the detector, typically located at forward rapidity on both sides of the interaction point, varies depending on the design of the experiment and the discretion of the collaboration. It is typically based on a Monte Carlo (MC) Glauber model [11] and involves simulating the particle production in the forward rapidity region and the detector response. Event centrality is defined by considering the distribution of the observed bulk particle production (N ch ) in measured events. The dN/dN ch distribution is divided into percentile classes, with the convention that the X% of events with the largest N ch are the most central events referred to as 0-X% centrality. A similar classification is made in the simulation and thus an empirically defined class of events is related to N part . Typical systematic uncertainties on the determination of the N part vary from 1-2% in the most central collisions to more than 10% in more peripheral events.
A very interesting topic in HI physics is the study of asymmetric collisions systems such as the p+Pb at the LHC and d+Au at RHIC. Centrality determination in these systems is even more challenging than in symmetric system. Recent results from the ATLAS collaboration [12] show that the approach based on the Glauber model which is used in the field for more than a decade may need improvement. Due to the very important role that centrality plays in the HI studies, improving the centrality determination should have large impact on the entire field of HI physics.
The main disadvantage of the presently used centrality determination approach is its use of model-based assumptions to relate the measured detector response to N part . Another disadvantage of the current method is its reliance on using the particles produced in the collision. This often results in an intrinsic correlation between particles being measured as a function of centrality and the definition of centrality itself.
In the collider based HI experiments there is a unique opportunity to measure N part by measuring "spectator fragments", ions, protons and neutrons which continue to propagate in the same direction as the colliding ions before the interaction. Spectator fragments are formed by the nucleons which suffer no strong interaction with nucleons of the counterpart ion. The exact process of forming spectator fragments is not thoroughly studied, however the relation between N part and the the number of nucleons remaining in the fragments does not depend on this process
where A is the mass number of a colliding ion and A f is the mass number of the spectator fragment. The sum is taken over all spectator fragments on both sides of the interaction point. Since nucleons forming fragments did not suffer strong interaction they retain full longitudinal momentum, p z , and their momentum vector after interaction is approximately collinear with the vector of the initial ion. The trajectories of the particles in the collider depend on their mass-tocharge (m/q) ratio. Colliding ions with a particular m/q stay on an equilibrium orbit, but fragments deviate from it, depending on their ratio A f /Z f ∝ m/q. Since lighter nuclei have less neutrons compared to protons than heavier nuclei, lighter fragments formed after the collision typically have smaller mass-to-charge ratio. They are thus separated from the equilibrium beam by the magnetic structure of the collider according to their A f /Z f . This presents a unique opportunity for a collider-based HI experiment to build a centrality detector which measures N part by detecting spectator fragments and measuring their A f . Such approach is free of the main disadvantages present in the currently used centrality determination: it is not model dependent and it uses particles created by physics process which is decoupled from the particle production mechanism in the HI collision. This paper describes basic parameters of a centrality detector using the magnetic structure of RHIC. Three detector stations are considered on each side of the interaction point. The Zero Degree Calorimeters (ZDC) [13] , which are existing integrated parts of operating RHIC experiments are used to detect free spectator neutrons. The main physics processes affecting detector performance are discussed based on the spectator fragmentation modelled using the DPMJet [14] and QGSM [15, 16] event generators. Measuring the parameters of collisions by detecting the products remaining after the interaction was suggested in [17] . The NA49 experiment at the SPS measured the distribution of different fragments remaining after the interaction of a Pb ion with a fixed Pb target [18] . At electron colliders, energy lost by the electron and positron was measured via their deflections in the magnetic structure of the collider rings [19] . This paper proposes an application of a similar approach to the HI collider experiments.
The paper is organised in the following sections: Section 2 calculates fragment trajectories in the magnetic structure of RHIC and explains the factors affecting the choice of detector station positions. Physics processes affecting distribution of the fragments on the surface of detector stations are discussed in section 3. Detector performance parameters, such as efficiency and centrality determination accuracy are presented in section 5.1.
Modelling the collider structure
Spectator fragments with different A f /Z f are traced using the MAD-X (Methodical Accelerator Design) code [20] . In a formalism commonly used to design accelerators, the transport of particles from the interaction point (IP) to a given location s along the ring can be described with a matrix: 
where x, y are linear and x , y are angular transverse particle coordinates, z is the longitudinal coordinate, and ∆p z /p z is the residual particle momentum. All coordinates, including ∆p z /p z , are defined with respect to a particle in equilibrium orbit located at the center of the beam. Matrix elements which are considered equal to zero are not printed in the equation.
The block-diagonal form of the matrix for indices i, j ≤ 4 corresponds to the case when the particle translations along x and y coordinates are decoupled from each other. Such approximation is sufficient for relatively short distances s considered further. Particle coordinates in longitudinal directions affect translation in both x and y directions. At RHIC, the interaction region has a typical width of about 15 cm around the nominal IP, and the event vertex position in z can be measured with high precision for each collision. Measuring the vertex position eliminates the impact of z coordinate in Eq. 2 and therefore all interactions are modelled at the nominal IP.
Measuring spectators fragments relies on the fact that the particles with non-equilibrium longitudinal momentum ∆p z /p z = 0 have different trajectories in the collider. Coupling of the transverses coordinates to the longitudinal momentum is given by the last column of the matrix in eq. 2. For values of ∆p z /p z 1 matrix elements a i,j can be considered as constant coefficients. However, for light fragments ∆p z /p z ≈ 1 − (A f /Z f )/(A Au /Z Au ) is significantly different from zero, and therefore a different matrix was calculated for each value of A f /Z f . Figure 1 shows the spectator fragment trajectories calculated in x coordinate. The equilibrium Au beam with A/Z = 2.5 is shown as the filled area. The size of the beam is σ = √ βε, where β is the collider beta-function and ε is the beam emittance. At √ s NN =200 GeV ε = 0.023 mrad×mm and the value of the β function at the IP is β = 1.0 m. Hashed areas correspond to the locations of collider magnetic elements, and the outer line shows the dimension of the vacuum beam pipe. The trajectories of fragments with A f /Z f < 2.5 are shown in the overlaid lines. Neutron trajectories are not shown in the plot; they continue along straight lines in the laboratory coordinate system and terminate in the ZDC, located at a distance of 18 m from the IP, between the first and second magnets. All particles are deflected to the same side of the Au beam, except tritium which has A f /Z f = 3 and therefore appears on the other side of the equilibrium beam. With the exception of tritium, the magnitude of deflection increases with decreasing A f /Z f . Protons and these fragments the first detection station must be placed after the first magnet. Its location is chosen to be at s = 14 m. The next station is needed to detect fragments with 2 < A f /Z f < 2.1. To conform to this deflection pattern, the second station is located at s = 20 m from the IP. Its goal is to measure the largest A f /Z f fragments, and for this the detector should be placed as close as possible to the equilibrium beam. Placement of detector elements too close to the circulating beam can cause beam loss, and so to reach higher A f /Z f the third station is located further away from the IP where the size of the equilibrium beam becomes smaller and the deflection of the fragments displaces them significantly from the beam. The last station is placed at s = 72 m. In this calculations the aperture constrains in x direction are taken to be 8×σ of the beam in the direction closer to the equilibrium beam. In the opposite direction they are taken equal to the dimension of the beam pipe, as discussed in Sec. 2. Detector acceptance in the vertical direction is taken to be ±60 mm from the beam center. The aperture of the ZDC is taken to be ±55 mm [13] at 18 m from the IP.
Generators of the spectator fragments
Fragmentation of Pb ions in a 158A GeV fixed target experiment was measured by the NA49 Collaboration [18] for all fragments, protons, and neutrons. However, for performance studies of a centrality detector one needs more detailed information about spectator nucleon fragmentation and aggregation. As discussed in the previous section detecting spectator fragments with A f /Z f close to 2.5 is problematic. Such fragments are produced in peripheral collisions (see Figure 4 below) and the detector performance should have centrality dependence. To understand this dependence and other factors affecting the detector performance spectator fragments were generated by two Monte Carlo generators: DPMJet and QGSM. A comparison between them and to available experimental data is discussed in this section.
The DPMJet generator is based on Dual Parton Model (DPM) [21] and is capable of simulating hadron-hadron, nucleus-nucleus, photon-hadron and photonnucleus interactions from a few GeV up to the highest cosmic ray energies. The QGSM generator is based on the Quark-Gluon String Model [22] and has the capability of simulating hadron-hadron, nucleus-nucleus and hadron-nucleus interaction. Both models take into account Fermi break up, multi-fragmentation, evaporation, and fission processes. Both DPMJet and QGSM generators identify the physics process from which fragments originate and provide the kinematic information for each produced fragment. Spectators have rapidity comparable to the rapidity of the equilibrium beam y beam = 5.36. The rapidity distribution of all particles produced by DPMJet and QGSM generators around the beam rapidity is shown in Fig. 2 . The results of DPMJet are shown with empty histograms and the results of QGSM with filled histograms. Figure 2 shows the rapidity distribution of final state particles in the forward region near the beam rapidity. Final state particles with non-zero baryonic number and |y| > 5, generated in a physics process that involves only one of the colliding ions are selected as spectators. Spectator fragments with A f > 1 have a distinct peak at the rapidity of the beam due to heavier particles sharing a very similar trajectory with the equilibrium beam. Spectators with A f = 1 (protons and neutrons) have a wider distribution. Charged particles produced in HI interactions, i.e. non-spectator particles, including baryons, are also shown in the plot.
After accounting for all the spectators produced in each modelled event, N part is defined according to Eq. 1. Figure 3 shows the N part probability distribution generated by the DPMJet and the QGSM models as well the Glauber model. The DPMJet and Glauber models show good agreement whereas the QGSM model shows a significant deficit at high N part and excess at lower N part . Spectator fragmentation into final state particles within a given N part window is also found to be different between the DPMJet and QGSM generators. The difference is seen at all centralities in Fig. 4 which shows the A f distribution of spectator fragments produced by the generators for different N part intervals. The distributions show that QGSM tends to produce lighter fragments than DPMJet in central and mid-central events, and in peripheral events the trend is opposite.
Although the full fragmentation spectrum has not been measured at RHIC, the performance of the two models may be gauged by comparing their production of free spectator neutrons, N f.n. , (i.e. a fragment composed of a single neutron) to data measurements. This can be done using the response of the ZDC calorimeters installed in the RHIC experiments, which measure the energy carried mainly by free spectator neutrons. These values are compared to the values derived from the data published by the PHENIX experiment [23] . The distribution of energy measured in the acceptance of PHENIX ZDC versus charge measured by the Beam-Beam Counters (BBC) is shown in Fig.1 of Ref. [23] . The values on the axes of the plot are given in arbitrary units. The charge measured in the BBC is proportional to the number of produced particles which is proportional to N part . This relation is used by the PHENIX experiment to determine centrality. One can further approximate that the maximum value of the BBC, equal to ∼ 1.5 in arbitrary units of Fig.1 in Ref. [23] corresponds to the maximum number of participants N part = 353 in Table XIII of the same reference. The dominant part of the energy measured by the ZDC is carried by the free neutrons, each delivering on average the same energy -100 GeV. Therefore, the ZDC response is proportional to N f.n. . The maximum averaged N f.n. in the data is assumed to be the same as generated by DPMJet and QGSM within the aperture of the ZDC.
Panel (c) of Fig. 5 shows the comparison between the N f.n. extracted from the data and that produced by the generators. The DPMJet generator better describes the centrality dependence of N f.n. compared to QGSM. In the interval N part above 150, the curve produced by the DPMJet generator shows the same trend as the data estimate. The absolute values are different, which can be an artefact of the procedure used to derive the data estimate. At low N part both generators show significant deviations from the estimate, producing lesser N f.n. . The implication of this discrepancy is discussed in Sec. 6.
Detector performance
The detector performance depends on how completely and accurately spectator fragments can be reconstructed based on their kinematic reconstruction in the 
Collider effects
Ions in the beam have spatial and angular dispersions defined by the β function of the collider and the emittance of the beam. Most of the modern collider based detectors are equipped with a vertex detector which can determine the position of an event vertex in transverse plane with an accuracy better than the coordinate dispersion of the particles in the beam. However in these studies, precision vertex information is not used and the transverse dispersions present in the equilibrium beam smear the calculation of spectator kinematics, see Eq. 2. The magnitude of this effect is visible in panel (b) of Fig. 6 .
Background hits in the detector stations produced by the particles outgoing from the equilibrium beam, or by their secondaries, are not considered in this work. These may be coming from the beam-gas interactions, from the interactions of spectator fragments hitting the walls of the beam pipe or collider structure elements. They can produce significant number of hits in the stations and affect the detector performance. However, understanding of these processes requires more realistic simulation of the collider structure elements and of the detector hardware inside the stations, which lies outside the scope of this paper. The pile-up, caused by multiple HI interactions inside the same crossing of the ion beams or coming from two subsequent beam crossings is also not considered.
Collision effects
Particles created in HI collisions with sufficiently high rapidity form a background to the spectators in the detector. These are simulated by DPMJet and are traced though the collider structure in the same way as spectator fragments. In the QGSM generator produced particles are not simulated.
The detector performance is directly related to the ability with which A f /Z f and ultimately A f can be reconstructed. The dominant factor that weakens the correlation between the particle's position in the detector and its A f /Z f value is the Fermi motion of the nucleons inside the colliding ions. In the process of fragment creation it results in an angle of the spectator fragments with respect to the initial direction of the ion and changes its longitudinal momentum. In these studies the effects of the Fermi motion in the longitudinal and transverse directions are taken as modelled by the generators, but they are shown separately.
Let p F be the Fermi momentum of a nucleon in the ion rest frame, then in the laboratory frame the average angle of a fragment with respect to the ion direction and the longitudinal momentum dispersion relative to p z are given by Eq. 3:
where m N is nucleon mass. Both dispersions decrease ∝ 1/ A f , however the angular dispersion of fragments also diminishes with beam energy (p z ≈ √ s NN /2), whereas the longitudinal momentum dispersion does not depend on the beam energy.
Spectator deflection in the detector stations
The positions of charged spectator fragments in the x direction at the location of the first detector station (s = 14 m), calculated using Eq. 2, are shown in Fig. 6 . In the case that a single fragment enters the aperture of more than one station it is considered to be measured in the station closest to the IP and is ignored in the subsequent stations. Panel (a) corresponds to the "ideal" case, in which the charged fragment distributions are calculated without any distortions. Peaks from left to right correspond to protons, The beam dispersions and the dispersions due to the transverse Fermi motion depend on the parameters of the collider. At LHC energies transverse Fermi motion plays a less significant role than at RHIC, while at the NICA collider [24] their contributions are more significant. The longitudinal component remains the same at all energies. Figure 7 shows the x position distributions of charged spectator fragments in each of the three detector stations. The calculations are performed using the DPMJet generator, including all relevant effects discussed above. Panel To quantify the performance of an ideal detector, the assumption is made that all detected spectator fragments are reconstructed with their true A f . Then using Eq. 1 a reconstructed number of participants, N rec part , is calculated, which can be compared to the event's true number of participants, N true part . The calculation of N rec part includes the contribution of background particles produced in the HI collision that enter the detector. Figure 8 shows the two-dimensional N 40) corresponds to events in which two heavy fragments with A f /Z f close to 2.5 are produced in a peripheral collision and neither is reconstructed by the detector. In such events the centrality cannot be determined, however such events should have a significant mismatch between the large N rec part measured by the centrality detector and low number of produced particle measured by any other detector subsystem. Such an identification procedure is equivalent to removing events below the solid line shown in the figure.
The region at (N where N and S are the opposite sides of the IP, is shown in the insert. Rejecting events with high asymmetry as indicated by the dashed line in the insert would result in rejecting events located below the dashed line in the main area of the figure. The centrality in this class of events can still be measured on one side and extrapolated to a total N part by multiplying by a factor of 2. In the presented analysis the extrapolation is not done and these events are not further considered.
The bulk of events are close to the diagonal N true part =N rec part . These are the events with properly reconstructed N part . Figure 8 shows that even in this region, N rec part somewhat underestimates N true part due to fragments which miss the detectors. This necessitates a correction for a finite acceptance of the detector stations, however this correction should be based on data, and does not require a model.
Results

Efficiency and resolution of centrality determination
The fraction of all events in which centrality can be determined, the centrality determination efficiency, is shown in Fig. 9 as a function of N Figure 9 : Fraction of all events in which the N part determination is possible, the centrality determination efficiency.
curves correspond to the results of the DPMJet and QGSM generators and both approach unity at high N part . In peripheral events, the efficiency rapidly falls to zero with decreasing N part . The low efficiency notwithstanding, low N part events which are detected have a robust centrality determination even in N rec part < 20. In peripheral events the DPMJet generator based calculations show higher efficiency for the same N rec part compared to QGSM. This is related to the differences in the A f distributions discussed in Sec. 3.
The resolution of the N part determination is defined as the R.M.S. of the N true part distribution for a given N rec part divided by its mean value N true part . Resolution of N part is shown in Fig. 10 . The width of the N part distribution has two contributions. The first depends on the width of the centrality interval, i.e. the width of the percentile (or N rec part ) over which the averaging is done. The second is the intrinsic resolution of the method and the detectors that are used for measuring N part . Figure 10 has two sets of curves: filled markers correspond to the resolution in predefined centrality intervals, open markers correspond to the intrinsic detector resolution.
The results of calculations are compared to an estimate based on the data published by the PHENIX experiment which is shown with filled circles. The estimate is based on the widths of the N part distributions in 5% centrality intervals shown in the left panel of Fig.18 in Ref. [25] . The values in the plot are divided by N part in the same centrality intervals given in Ref. [23] . Calculated resolution is compared to the estimation based on the data, which is derived from publications [23, 25] .
plotted versus N part . The error bars correspond to the systematic uncertainties which are given in the same publication. The results of the calculations for DPMJet and QGSM models are shown in the same centrality intervals as the data estimate, calculated using N rec part . These estimates include the width of the centrality intervals and the intrinsic resolution of the method, but not the resolution of the detector, which is discussed below. As one can see the resolution depends on the choice of generator and is comparable to currently used techniques.
To address the question of intrinsic resolution of the method and the contribution which is coming from possible choice of detector technology to be used in the detector stations, the resolution was calculated with the DPMJet generator in narrow N rec part intervals. The resulting curves are shown in Fig. 10 with open markers. Open squares corresponds to the case when each A f is measured perfectly, i.e. the true A f is accepted for each detected particle. The open circles ("charge and position") correspond to the case in which the Z f of the fragment is measured perfectly, but the mass is taken at an average value of all spectators with measured Z f at the x-position in the detector. The open diamond ("charge only") markers correspond to the case when the coordinate is not reconstructed at all, but the mass is taken as an average mass of all fragments for a given Z f .
The curves are all similar, because the dominant factor which determines the resolution is the loss of spectator fragments coming from increased deflection due to Fermi motion (see Fig. 6 ). The curves are not flat at N part ≈ 250, this is an artifact of the asymmetry cut shown in the insert of Fig. 8 .
Possible choices of the detector technology
The key requirement for each detector station is the ability to reconstruct Z f . A suitable choice to achieve this using existing technology is a Cherenkov radiation detector. The resolution needed to distinguish two fragments with charges Z f -1 and Z f is estimated by Eq. 4
neglecting the difference between Z 2 f and Z f 2 . Different stations are designed to register particles with different A f /Z f and therefore different Z f , as explained in Sec. 4.3. Station 1 mainly detects fragments with Z f = 1 and 2. The mean charge of fragments in station 2 is Z f = 20 and is Z f = 40 in station 3. From Eq. 4, the required resolution for measuring Z f in each station is 30%, 3% and 1.5% respectively. A Cherenkov detector with a 5 cm radiator, an index of refraction in the range of optical glass, 20% light collection efficiency, and 10% photosensor quantum efficiency yields approximately 20 photoelectrons per fragment in station 1, ∼ 4 × 10 3 in station 2, and ∼ 1.5 × 10 4 in station 3. This would provide enough photoelectrons to meet the desired resolution. The Cherenkov detector must have sufficient granularity to measure multiple fragments simultaneously. The average numbers of fragments in each stations does not exceed 10, suggesting that the detector has to have from tens to a hundred individual channels. Figure 10 shows that measuring fragment positions has only small effect on the final N part resolution. However, measurement of the fragment position is important for detector alignment and for rejecting background, it can be useful to trace particles from one station to another. A possible choice of detector technology for determining fragment position is a silicon pixel based tracker with several layers along the fragment trajectory. A similar choice of detector technologies is suggested for the forward physics upgrade of the ATLAS detector at the LHC [26] .
Measurement of the event plane orientation
Azimuthal anisotropy of particle emission in heavy-ion collision is an important observable to understand the medium created in HI collision. The harmonics of the azimuthal anisotropy of particle emission are studied by all HI experiments [27] [28] [29] [30] [31] . The measurement of the n-th harmonic relies on the determination of particle emission angles with respect to the event plane Ψ n of the corresponding harmonic. The event planes are measured in the forward region using particles produced in the collision, except for Ψ 1 , which cannot be determined with produced particles and is measured using the ZDC.
The proposed detector offers an opportunity to measure Ψ 1 . Determination of the Ψ 1 event plane can be made by measuring spectator fragment positions in all three stations. The resolution dΨ 1 can be then estimated as:
where σ is the average emission angle of all spectators, and θ is the relative angle between the direction of spectator fragments and the ion (θ is assumed to be the same for all fragments in an event). The factor f (Ψ), accounts for resolution differences in the x and y directions. In the case σ x ≈ σ y , the modulus of this function averaged over all angles is ≈ 1. This condition is true in all three detector stations. The average emission angle σ can be estimated by measuring deflection of the particles in the detector stations.
The index i refers to spectators in a given detector station and d to the three detector stations. It can also be done in each station individually. The (x i − x i ) is relative deflection of the fragment in a station with respect to an average position of all fragments with the same A f /Z f . Coefficient a 1,2 (d) is the matrix element for d-th station in Eq. 2. Each spectator fragment is summed with a weight equal to the A f , to account for the fact that heavier fragments have lesser distortion due to Fermi motion, and therefore their contributions to the Ψ 1 measurement are more accurate. respond to the combination of all three stations. The combined result does not include an additional measurement which can be provided by the ZDC. As measured by the ALICE collaboration the average deflection of neutrons in the ALICE ZDC for 30-40% centrality is 0.92 mm at 110 m [32] . Assuming that the angle is inversely proportional to √ s NN , Eq. 5 and Fig. 11 , it follows that dΨ 1 ≈ 1.1 rad.
Conclusions
This paper presents a detector concept for the direct measurement of the number of participants in heavy ion collisions by detecting spectator fragments. The performance of the detector is evaluated based on the example of Au+Au interactions at √ s NN =200 GeV in RHIC. The location of 3 detector stations, integrated into the RHIC structure, are optimised for the best detector performance. The main performance parameters, such as the efficiency of centrality determination and resolution in measuring the number of participants is presented as a function of collision centrality based on the fragmentation modelled by the DPMJet and QGSM generators. The detector performance is compared to present techniques for measuring centrality and is found to be comparable to them. The results are significantly different for the DPMJet and QGSM generators which have different distributions of produced fragments for the same N part . Comparison of generators to the existing data is limited, and shows that both generators have significant deviations from the measured quantitates and that the DPMJet better reproduces available data.
Modern detector technologies are shown to be adequate to perform the measurements. The proposed concept offers an opportunity to make a precise measurement of the orientation of the first order event reaction plane. The main advantage of the centrality detector is in measuring the number participants in a model independent way, with no correlation to produced particles.
